Introduction: Originated from China, buckwheat belongs to Fagopyrum (Polygonaceae) and is widely planted worldwide. The authentication and quality control of buckwheat was difficult in present. For quality control and authentication of buckwheat, a rapid and accurate method should be established. Methods: Fingerprint study of buckwheat collected from different habitats and varieties (Table 1 ) was carried out in this work. A simple and rapid method was established by high-performance liquid chromatography coupled to a UV/VIS detector. The data was subjected to common chemometrics analyses, including similarity analysis (SA), principal component analysis (PCA) and hierarchical clustering analysis (HCA). Results: The HPLC fingerprint varied among buckwheat samples from different sources. It was clear to distinguish Fagopyrum tataricum (L.) Gaertn and F. esculentum Moench from their chemical features. Conclusions: This method was simple, accurate, and useful for quality controlling and distinguishing buckwheat.
INTRODUCTION
Buckwheat is a food and medicine and a dual-use cereal crop. The buckwheat species planted most are tartary buckwheat (Fagopyrum tataricum (L.) Gaertn) and common buckwheat (F. esculentum Moench). Tartary buckwheat is mainly grown in the southwest of China and common buckwheat is grown in northern China. Buckwheat has many interesting effects on human body in chronic disease. [1, 2, 3, 4] The main functional components of buckwheat contain flavonoids, polyphenols, inositol, organic acids, etc. [5] The functional components were influenced by location, environmental conditions and varieties; for example, the content of rutin in the tartary buckwheat seed was higher than common buckwheat. [6] There are many varieties of buckwheat in China. The authentication and quality control of buckwheat was difficult. The common methods for authentication of buckwheat were not sensitive enough. For quality control and authentication of buckwheat, a rapid and accurate method should be established.
Fingerprinting technique was accepted for quality control and authentication of herbs in China, but was rarely used in grains and its products. The analysis methods of chemical fingerprint include thin layer chromatography, [7, 8] high performance liquid chromatography, [9, 10] UV, [11, 12] IR, [13, 14] etc. The HPLC method was used most widely because of its rapid and accurate, principal component analysis [15] and hierarchical clustering analysis [16] were used in fingerprinting normally, because they can deal with complex variables well.
To our knowledge, no research has been performed to identify buckwheat by its fingerprint. Based on our rich resources of buckwheat, we established a method for the identification and quality control of buckwheat by HPLC fingerprint. The data was subjected to common chemometrics analyses, including similarity analysis (SA), principal component analysis (PCA) and hierarchical clustering analysis (HCA). Results indicated that the HPLC fingerprint varied among buckwheat samples from different sources. It was clear to distinguish Fagopyrum tataricum (L.) Gaertn and F. esculentum Moench by means of their chemicalfeatures.
MATERIALS AND METHODS

Chemicals and solvents
Quercetin, rutin and kaempferol were used as standard references and purchased from National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). Acetonitrile and methanol (HPLC grade) was purchased from Fisher Scientific Co. All other chemicals and solvents used in the study were of analytical grade.
Plant materials Samples of buckwheat varieties analyzed are listed in Table 1 . There were 25 tartary buckwheat and 9 common buckwheat varieties. The materials were dried, grounded and then passed through 40 mesh screens.
Preparation of sample and standard stock solution
The extraction was performed by mixing 0.5 g of sample with 10 ml 60% methanol in one conical flask, weighting, reflux extraction for 1 h. When cooling to room temperature, make weight with extractive solvent. The extract was then filtered and stored in an HPLC autosampler vial for immediate HPLC-UV analysis. Kaempferol, rutin and quercetin standard solution was prepared by dissolving kaempferol, rutin and quercetin in 60% methanol, thus to make a solution containing 0.0914 mg/mL of kaempferol, 0.0932 mg/mL of rutin and 0.0726 mg/mL quercetin.
Instrumentation and chromatography
The highperformance liquid chromatography (HPLC) system consisted of two Shimadzu LC-20A pumps and a Shimadzu LC-20A autosampler (Kyoto, Japan). A Kromasil-ODS C 18 (250 mm × 4.6 mm × 5 μm) column was used. The separation was performed using a mixture of acetonitrile and distilled water containing 0.3% H 3 PO 4 with the following gradient elution: 0-5 min (10% acetonitrile), 5-10 min (10%-15% acetonitrile), 10-25 min (15%-30% acetonitrile), 25-45 min (30%-45% acetonitrile), 45-50 min (45%-100% acetonitrile), 50-60 min (100% acetonitrile). The flow rate was set at 1 mL/min. The eluent after the column was sent to a UV/VIS detector. The wavelength was set at 280 nm. The temperature of the column was set at 40º C. Hierarchical clustering analysis Hierarchical clustering analysis (HCA) of 25 tartary buckwheat varieties was performed using DPS statistics software (DPS for Windows v3.01, China) based on the Ward method and Euclidean distance. Common peak area/total peak area was used as independent variable and was normalized before HCA. 
Similarity analysis
RESULTS AND DISCUSSION
Preparation of sample We compared the effects of different extractive solvents (60% methanol, methanol, chloroform, acetone). It had the highest total peak area using 60% methanol as extractive solvent (Figure 1 ). Three different extractive ways were compared (reflux extraction, ultrasonic extraction, shaken extraction); reflux extraction had the highest total peak area, therefore, we selected the reflux extraction method. Different extraction times were compared, we extracted for 1 h.
Obtaining HPLC fingerprint and similarity analysis
Chemical fingerprints were used for authentication and quality control of herbal medicines in china. Table 2 . Results indicated that there were enormous differences between tartary buckwheat and common buckwheat. It was clear to distinguish tartary buckwheat and common buckwheat based on the fingerprint, peak 7 (unknown compound) and Kaempferol of tarary buckwheat were the characteristic peaks of tartary buckwheat while peak 4 (unknown compound) of common buckwheat was its characteristic peak. Another peak such as rutin and quercetin contained in tartary buckwheat and common buckwheat had a huge difference in their peak area.
PCA The results of PCA (principal component analysis) are shown in Table 3 and Figure 3 . The first three principal components explained 72.8% of the total variance in the data, the first principal component (PC1) explained 43.7% of variance. It was positively correlated with rutin, peak 2 and peak 7, The second principal component explained 17.0% of variance and correlated closely with quercetin and Kaempferol. The third principal component (PC3) correlated closely with peak 6 and peak 10 and accounted for 12.1% of variance. From the PCA results, we concluded that rutin, quercetin, kaempferol, peak 2, peak 6, peak 7 and peak 10 were the characteristic chemical components of buckwheat. From Figure 4 , it was clear that the samples could be grouped into four clusters. The cluster A of sample content highest IN peak 6 (unknown compound) and peak 10 (unknown compound). Cluster B (Qinwei No. 3 and Miqiao No. 1, obtained from professor Zhaogang (Chengdu University) by using physical and chemical mutagens on tartary buckwheat seeds (hankuqiao)) content had highest rutin, and was thus a suitable material for enriching functional foods, cosmetics and pharmaceuticals that are rich in rutin. Cluster C content had highest quercetin and kaempferol. The unknown compound needed to be identified by other analytical methods in future work.
HCA HCA procedure found natural cluster of samples according to their fingerprints. All the samples were grouped to different clusters. The Ward's method of clustering was applied with the Euclidean distance in our calculation. HCA result was shown in Figure 4 . Depending on the distance, the samples were grouped into two clusters. All of cluste II were from north of China, while cluster I was from southwest China except pinzi-115 and ping 01-34. Therefore, location may influence the concentration of bioactive compounds.
In conclusion, a simple and rapid fingerprint analysis method was established by high-performance liquid chromatography coupled to an UV/VIS detector in this work.
Results indicated that the HPLC fingerprint varied among buckwheat samples from different sources. It was clear to distinguish Fagopyrum tataricum (L.) Gaertn and F. esculentum Moench on the basis of their chemicalfeatures. This method was simple, accurate, and useful for quality controlling and distinguishing of buckwheat. Cluster A contain the samples S2, S6, S7, S10, S16. Cluster B contain the samples S8, S15 Cluster C contain the samples S9, S11, S12, S17, S18, S19, S21 Cluster D contain the samples S1, S3, S4, S5, S13, S14, S20, S22, S23, S24, S25 
